Abstract Diarrheal diseases are responsible for a significant proportion of mortality and morbidity all around the globe. The contribution of viruses to gastroenteritis incidences in humans is well established. In the present study, we have studied the prevalence of rotavirus, norovirus and enterovirus in Himachal Pradesh, a north Indian state. A total of 287 (111 children and 176 adults) stool samples of gastroenteritis patients were screened for the viruses using RT-PCR method. 34.5 % samples were positive for the viral pathogens of gastroenteritis. Rotavirus was the predominant virus detected in the study with 49.5 and 14.8 % positivity in children and adults, respectively. Enterovirus was present in 5.6 % cases whereas norovirus had least prevalence (1.4 %). Co infection (rotavirus and enterovirus) was witnessed at the prevalence rate of 0.6 %. Among different age groups, the prevalence of studied viruses was highest in the children belonging to the age groups of \5 years. Rotavirus infections were found to be significantly associated with vomiting and trend of higher rates of fever and dehydration was seen in children along with diarrhea. Seasonal distribution shows circulation of diarrheagenic viruses throughout the year. This is the first report of prevalence of various diarrheagenic viruses circulating in this region. The outcome of the study from this cohort provides a baseline data which can be used to design the preventive strategies in the otherwise unexplored state of Himachal Pradesh.
Introduction
Diarrhea is a major healthcare concern as it is responsible for a significant proportion of morbidity and mortality with 0.8 million annual fatalities to its account all around the globe [13] . The role of viral pathogens in diarrhea is well established and several diarrheagenic viruses have been reported till date [7, 38] . The disease burden associated with the viral gastroenteritis has been well documented in the studies from all over the world [30, 35] . Rotavirus (RV), the RNA (segmented double stranded) virus belonging to the family of Reoviridae is the major viral agent which is responsible for diarrhea basically in children below the age group of 5 years. This deadly virus is responsible for around 0.5 million deaths in this age group [29] . However, it has been found to cause diarrhea in adults and elderly also [2] . The underdeveloped and developing nations of the world bear the highest rotavirus associated disease burden [10, 37] . Noroviruses (NoVs) are also major viral pathogen associated with diarrhea among all age groups in humans. These single stranded positive sense RNA viruses are the leading cause of gastroenteritis outbreaks and are important agents involved in sporadic diarrheal cases [15, 23] . Out of the six (GI-GVI) genogroups of NoVs, GII is accountable for majority of the NoV associated gastroenteritis cases, followed by [14, 40] . Enteroviruses (EVs) are single stranded RNA viruses, belonging to the Picornaviridae family and they are responsible for a number of chronic and acute diseases in humans [26] . EVs are in fact a neglected pathogen for diarrhea but recent reports have showed its significance as a diarrheagenic virus particularly in children [9, 24, 27, 34] . Keeping in view the mortality, morbidity and financial burden attributed to these viruses, it is imperative to study their epidemiology. This will be crucial in formulating the preventive strategies accordingly.
A number of studies have been conducted to study the prevalence of various diarrheagenic viruses in various parts of India [4, 5, 8, 17, 27] , but Himachal Pradesh, a north Indian state, is still unexplored in this context. Therefore, this study was done to evaluate the disease burden of viral gastroenteritis in the region. This is the first study which reports the prevalence of diarrheagenic viruses from this part of the country. In this study, we have studied the prevalence of Group A Rotavirus, Norovirus GI and GII, and Enterovirus. The outcomes of this study could be used to take necessary and appropriate measures to control and better management of diarrhea in the region.
Materials and methods

Samples
The stool samples were collected from the patients admitted to Indira Gandhi Medical College, Shimla and District Hospital, Solan, Himachal Pradesh, India from July 2013 through February 2015. The patients included in the study had a combination of symptoms including vomiting, abdominal pain, fever and dehydration along with diarrhea in common. The demographic details and medical/clinical features (vomiting, fever, dehydration, diarrheal episodes etc.) of the patients were documented and the samples were collected with the consent of the patients/their representative or the parents (in case of children). All the experiments were carried out according to Institutional Ethical Committee guidelines. The samples were transported to the laboratory within 3-4 h of collection.
RNA extraction, Reverse transcription and PCR amplification
Viral RNA was extracted from 10 % fecal suspensions using TRIzol (Invitrogen, Carlsbad, CA, USA) reagent following manufacturer's instructions. Reverse transcription of the extracted RNA was performed using Verso cDNA synthesis kit (ThermoFisher scientific, Waltham, Massachusetts, USA). The detection of the viruses was done by subjecting cDNA to PCR amplification. The primers used for detection of various viruses were VP6(F) and VP6(R) for RV; Mon432 and Mon434 for NoV GI; Mon431 and Mon433 for NoV GII; and F1 and R1 for EV (Table 1) [19, 28, 41] .
The PCR components contained 2.5 ll of 10X Standard Taq Reaction Buffer, 0.5 ll of 10 mM dNTPs, 0.5 ll of 10 lM forward and reverse primers each, 0.6U of Taq DNA Polymerase (New England Biolabs, Massachusetts, USA) and 3 ll of cDNA template. The volume of the mixture was made to 25 ll using nuclease free water (ThermoFisher Scientific, Waltham, Massachusetts, USA). The PCR conditions for the detection of RV were 95°C for 5 min, followed by 35 cycles of 95°C for 30 s, 48°C for 30 s, 68°C for 30 s and a final extension at 68°C for 7 min. The PCR amplification conditions for the detection of NoV (GI and GII) and EV were used as described previously [28, 41] . The PCR products were subjected to electrophoresis on 1.5 % agarose gel and the bands were visualized in a UV transilluminator (Fig. 1 ). 
Statistical analysis
The prevalence of different viruses was estimated by the proportion of positive samples. Bivariate analysis of differences in clinical characteristics of RV positive and RV negative patients was done using Chi square test. Difference in RV infection in male and female patients was analyzed by Fisher's exact test. P values \0.05 were considered statistically significant.
Results
Incidences of diarrheagenic viruses in the sample population
A total of 287 stool samples were collected and screened during this study for the presence of aforementioned diarrheagenic viruses. Ninety nine (34.5 %) out of 287 patients were positive for the viral pathogens ( Table 2) . Out of these, 97 (33.8 %) patients were positive for single virus whereas mixed infection was found in 2 (0.6 %) cases. Among single infections, RV was the most prevalent virus with 27.5 % (79/287) positivity among all cases. EV was the second most predominant virus (4.9 %, 14/287) followed by NoV GII (1.0 %). NoV GI was the least detected virus with presence in only one (0.3 %) sample. Two patients showing mixed infection had a coinfection of RV and EV in their stool samples. Out of the 81 RV positive cases (including single and mixed infection), 39 were male and among 206 RV negative cases, the number of male patients was 90. However, this correlation of RV infection with gender showed no statistical significance (P = 0.512).
Distribution of diarrheagenic viruses in different age groups
RV was the most commonly identified virus in all age groups (Fig. 2) . A major fraction of RV infections were observed in the children up to 2 years of age. In this group, 50 % (49/98) of the diarrheic patients were positive for RV. The children belonging to the age group of 3-5 years showed 46.2 % (6/13) positivity for RV. Among the age groups of 6-15 years, 21.1 % samples were positive for RV. RV infections were lowest in adults and elderly belonging to the age groups of 16-65 and [65 years (15.3 and 5.0 %, respectively). The distribution of EV in different age groups was 5.1 % in \2 years, 7.7 % in 3-5 years, 15.8 % in 6-15 years and 5.1 % in 16-65 years of age. The elderly patients [65 years of age revealed no EV infection. It is to be noted that among 6-15 and 16-65 age groups each had one case of RV and EV mixed infection. As far as NoV infection is concerned, all the four cases were reported in children under the age of 2 years. Fig. 1 Representative agarose gel electrophoresis of the PCR amplified products for the viruses included in the study. Lane 1-4 respectively represents rotavirus, enterovirus, norovirus GI and norovirus GII. Lane M is 100 bp DNA ladder and Lane 5 represents negative control with primers for RV and without cDNA 
Association of clinical features with RV infection
As RV was the predominant virus detected in both the children and adult patients, and it is extensively reported that RV infections are commonly and significantly associated with the additional clinical symptoms along with diarrhea [16, 31, 33] , clinical features of the RV positive and RV negative patients were compared to ascertain the association of RV infection with the clinical features of vomiting, fever and dehydration (Table 3 ). In the children \5 years of age, 34.5 % of RV positive patients suffered from vomiting in contrast to the 10.7 % of the non-RV positive patients. This showed statistically significant association of vomiting with the RV infection (P = 0.0027). Similarly, the rates of fever and dehydration in the RV positive cases were higher compared to RV negative cases, but these differences showed no statistical significance. On the contrary, in the age group [5 years, the rates of vomiting, fever and dehydration in RV infected individuals were lower in comparison with the patients having non-RV diarrhea. However, these results were not statistically significant.
Seasonal distribution of diarrheagenic viruses
The infection rate of the gastroenteritis viruses in different seasons was studied. Among all the viruses under investigation, RV infections were observed throughout the year with no particular seasonal peaks (Fig. 3) . Interestingly, the highest prevalence of RV was observed in the summer season where overall (both children and adults) infection rate was 33.0 %. Considerably high infection rate (30.1 %) was observed in the months of winter (November-February). The RV infectivity in children (\5 years) was around 50 % (±5 %) throughout the year. EV and NoV infections were found prominently in the winter and autumn seasons.
Discussion
The present study was attempted to evaluate the prevalence of viral diarrhea in the region. In this study, RV was found to be the predominant diarrheagenic virus. Studies suggest that in India, the RV disease burden is quite high and this deadly virus causes 79,000 child deaths every year [11] . In this study also, RV was responsible for diarrhea in around 50 % children. However, this incidence rate is comparatively higher than the other parts of the country [4, 17, 22, 25] . Though RV associated diarrhea in adults is not extensively reported, but available reports have shown that it is responsible for as high as 63 % incidences in some cases [6] . In our study, RV, as a single pathogen or in mixed infection, was responsible for significant proportion (14.8 %) of adult diarrhea. These results signify that the RV associated morbidity in adults cannot be ignored and warrants the need to extensively and compulsorily monitor RV infection in adults. The role of EVs as a diarrheagenic pathogen is not very well recognized. However, their diarrheagenic potential is gaining more recognition after the emergence of reports claiming it as a pathogen identified in a number of diarrhea surveillance studies [9, 24, 27, 34] . It is interesting to note that, in our study, out of 16 EV positive cases, 10 were adults. This shows the competence of the enteroviruses to cause diarrhea in grown-up humans also. NoV is the well recognized viral pathogen which causes epidemic and sporadic diarrhea in both adults and children. Some studies have even reported it as the leading cause of diarrhea, especially in children where rotavirus is believed to be the foremost viral pathogen [35] . Among various NoV genogroups, the outcome of majority of the studies shows that GII is the foremost cause of diarrhea in humans. In this study also, NoV GII was detected in 1.0 % cases in contrast to the 0.3 % prevalence of NoV GI. However, it is very interesting to note that the prevalence of NoV in the region is exceptionally low unlike majority of studies from India and other counties which reports NoV as a very prominent diarrheagenic pathogen in both epidemic and sporadic cases [3, 18, 39] . This indicates the low circulation of NoV in the region. In the study, 188 (65.5 %) samples did not have any of the studied viruses. This signifies the prevalence of other enteric viruses such as adenovirus, astrovirus etc. or other etiological agents including bacteria and parasites in remaining cases which further needs to be investigated. Altogether, among the three viruses, RV was the only pathogen which was detected in all the age groups. The most vulnerable of all the age groups were the children who are below the age of five years and it has been observed that the children [5 years of age have considerably increased RV infection rate in comparison with the adults (P \ 0.0001). Studies have reported that the most RV infections in children occurs before the age of 2 years [1, 10, 32, 36] and in this study also the children \2 years of age demonstrated highest rate (50 %) of RV infections among all the patients belonging to different stages of life. EV infection was evenly distributed between the children (\5 years old) and adult ([5 years old) patient groups. This points out the diarrheagenic potential of the EVs in all stages of life and propels us to consider it as one of the major virus involved in both infant and adult diarrhea. All the NoV infections in the study emerged from the infants and thus strengthen the belief of considering NoV as important diarrheagenic pathogens in childhood diarrhea. To summarize, the affect of the diarrheagenic viruses on the subjects of different age groups, it can be observed that the most susceptible are the infants (\2 years) who suffer the major disease burden of the viruses included in the study. This could be because of the incompetence of the developing immune system of the children to set off the sufficient immune response which can combat the infecting pathogens.
As RV was the major pathogen detected in the study, the association of clinical features (vomiting fever and dehydration) with RV infection was studied. It was interesting to note that the children with RV infection have higher rates of vomiting, fever and dehydration in comparison with their RV negative counterparts. This shows that RV infection has a substantial association with the accompanying symptoms (along with diarrhea) and hence severity of illness is higher. On the contrary, in the adult subjects, the rates of vomiting, fever and dehydration was considerably lower in RV positive cases. This leads to the conviction that RV infection results in more severe illness in children than adults and this might be an explanation for the higher RV associated mortality in children than adults.
The seasonal distribution of the viruses revealed some interesting findings. It is reported that rotavirus infections are at peak in the season of winter [12, 21] . But in our study the rotavirus infections were evenly distributed among all the seasons of the year. In fact, the overall infection rate was highest in the months of summer followed by winters. This may be due to the geographical and climatic conditions of the region under study where the summers are not very hot because of the high altitude and hilly terrain. However, there are studies which observed relatively low rotavirus prevalence in winter season [20] .
To conclude, this study indicates the predominance of RV in the region and a significant disease burden can be attributed to this virus among all age groups. EV is also detected in considerable fraction and thus imposing a need to consider it as a potential pathogen accountable for human diarrhea. However, a very important diarrheagenic virus, NoV was detected in very low frequency. This study not only throws light on the relative prevalence of the important diarrheagenic viruses but also furnish preliminary data which would be helpful in formulating the preventive strategies against them. In particular, the high infection rate of RV in children warrants immediate attention in order to reduce the morbidity and suspected mortality due to this pathogen. Nevertheless, this study suffers from some limitations including limited sample size and non-inclusion of other viral pathogens such as adenovirus, sapovirus and astrovirus in the study. However, we are in the process of characterization of various bacterial pathogens prevalent in these patients. Nevertheless a more extensive surveillance in the region is required to get the reliable and complete prevalence data of the viruses causing diarrhea in the population. 
